The nature of the ground state of elastic manifolds pinned by quenched weak disorder has been a central issue in a large variety of systems such as Wigner crystals, charge density waves, magnetic bubble arrays, or vortices in type-II superconductors (see [1] and references therein). It is now well accepted that, for sufficiently weak disorder, the ground state, dubbed the Bragg Glass [1] , has longrange orientational order and algebraically decaying positional correlations. Vortices in superconductors rapidly became the system of choice for the study of the influence of disorder on the stability of the Bragg Glass. Namely, the role of disorder can be tuned very easily by changing the external magnetic field H a . Increasing the field leads to an order-disorder (OD) transition revealed by a peak in the critical current density j c , that has been the subject of much theoretical work [1] [2] [3] [4] [5] . However, no consensus has been reached thus far as to the mechanism of the transition.
In order to experimentally address the issue, we study the vortex lattice in MgB 2 . This superconductor is chosen not for its two gap nature, but because it is characterized by a large superfluid density and coherence length ab , and the resulting irrelevance of thermal fluctuations for the vortex phase diagram [6] . Moreover, MgB 2 crystals typically have small critical current densities j c $ 4 Â 10 8 Am À2 (at 4 K and H a ! 0 [9] ) emphasizing the small amount of native disorder. Then, the Bragg Glass should occupy the largest part of the H-T phase diagram. Indeed, as in NbSe 2 [10] , j c ðH a Þ measurements show the existence of a peak effect, i.e., a sudden increase of j c , but only for H a close to the upper critical field H c2 [11, 12] .
The peak effect in type-II superconductors was initially attributed by Pippard to the fact that the elastic constants of the vortex lattice vanish more rapidly than the pinning force as H a ! H c2 [13] . Larkin and Ovchinnikov [14] noted that this is exacerbated by the gradual softening of the vortex lattice because of the nonlocality of its tilt modulus. Kierfeld et al. [3] and Mikitik et al. [4] contended that the peak occurs at the field H OD at which the pinning energy gained by disordering the vortex ensemble outweighs the energy of elastic deformation due to the generation of edge and screw dislocations. Finally, in Ref. [5] , the peak is interpreted as the discontinuous crossover from weak collective pinning to strong pinning.
We show here that the peak effect in MgB 2 overlies a first-order transition of the vortex ensemble. Increasing the defect density in MgB 2 crystals by high energy electron irradiation pushes the transition field rapidly away from H c2 . Simultaneously, the initially narrow peak is enhanced, transforming to the so-called ''fishtail effect'' reminiscent of that in cuprate superconductors [15] [16] [17] . Both the temperature and defect density dependence of H OD are in very good agreement with the scenario of proliferation of dislocations [4] , in conjunction with pinning mediated by fluctuations in the mean free path.
The first-order transition of the vortex ensemble is expected to be accompanied by history effects in magnetization measurements, resulting from phase coexistence [17, 18] . Namely, when executing so-called minor hysteresis loops, the local flux density as well as the global magnetic moment depend on the fraction of the ordered and disordered phase present around the transition. History effects similar to those observed in cuprates [18, 19] have previously been seen in pristine [12] , proton [20] , and neutron irradiated [21] MgB 2 crystals. However, clear thermodynamic evidence for a first-order phase transition is missing [22] . Here we show that a discontinuity in the reversible magnetization is present in irradiated samples close to H OD , thereby supporting the first-order nature of the transition.
Vortex pinning was characterized by two local magnetization techniques. The ac transmittivity T 0 H [23] of the crystals was measured by centering these on a miniature GaAs-based quantum well Hall Sensor (of dimension 8 Â 8 m 2 ). The sensor is used to record the time-varying component B ac of the local induction as the sample is exposed to an ac field of amplitude $1O eand frequency $210 Hz. The ac transmittivity, T 0 H obtained by subtracting the response at 4.2 K from B ac ðTÞ and renormalizing this difference to 1 in the normal state, is directly related to the screening current, T 0 H ¼ 1 À j c d=h ac [23] (with d the sample width). Measurements of the dc ''local magnetization'' B À 0 H a , were performed by monitoring the local induction, using the same Hall sensor.
Whereas defects with different sizes, from atomic-tonanometer scale [24, 25] , are induced by neutron irradiation, low-temperature (20 K) electron irradiation induces only isolated point defects through the formation of Frenkel pairs (the cryogenic irradiation temperature prevents defect clustering and recombination). Therefore, only one single pinning mechanism is expected to characterize our samples, and the low-field j c is hence a good parameter to characterize vortex lattice order. Note that our values of T c ($35-36 K) are slightly lower than the optimal value ($38-39 K) probably due to small chemical inhomogeneity, not affecting the conclusions drawn here. Furthermore, H c2 ð4:2K Þ for H a k c, determined as the field at which T 0 H reaches 1, remained $3:3Tfor fluences up to 2:7 Â 10 19 e À cm À2 [ Fig. 1(a) ]. It went up to 4.6 T for 5:2 Â 10 19 e À cm À2 , suggesting that this latter sample is not in the clean limit anymore.
Figure 1(a) shows that irradiation leads to a dramatic change in the field dependence of T 0 H . Indeed, as observed in other artificially disordered samples [20, 21, 24 ] the small drop in T 0 H related to the increase of j c close to H c2 in the pristine sample, is enormously enhanced and pushed away from the H c2 ðTÞ line (see Fig. 2 ) once point defects are introduced. Above a characteristic field H onset , T 0 H now rapidly drops to zero, signaling the restoration of full screening over a wide field range. In contrast to the curve for the pristine crystal, T 0 H ðH a Þ shows marked hysteresis: screening on the descending field branch is much stronger than on the ascending field branch. This effect attests to the presence of the disordered state (with high j c ) at fields where it is not in equilibrium. Similarly, the inset to Fig. 2 shows that the increase of j c responsible for the drop in T 0 H at H onset corresponds to a pronounced ''fishtail effect'' of the local magnetization hysteresis loops. Moreover, B À 0 H a on the descending field branch of the loops depends on the value of the field at which the ramp direction has been reversed, reflecting the progressive transformation of the vortex ensemble from the low-field to the high-field state as the field is increased. The effect, very similar to that observed in [18, 19] (see also [21] ), attests to phase separation, and to a nucleation-propagation type transition.
As in proton- [20] and neutron- [21, 24] irradiated samples, the large value of the irreversible magnetization close to H onset prevents any reliable determination of the reversible contribution in crystals having undergone irradiation fluences exceeding 2:7 Â 10 19 e À cm À2 . However, in crystals having received a lower dose, the hysteresis can be nearly suppressed by application of the vortex equilibration or ''shaking'' technique [26] [see Fig. 3(b) ]. Both the ascending-and descending field branches then show an upward shift for H a $ H onset , revealing a step in the reversible part of the flux density. This step becomes more apparent after subtraction of a smooth background (dotted line) from the reversible part of the magnetization, defined as Fig. 3(a) ]. The step in the local flux density is also observed in the field-cooled . We now shift our attention to the evolution of the vortex matter phase diagram as a function of the point defect density. Figure 2 shows the temperature dependences of H c2 and H onset ðTÞ for all fluences. In neutron-irradiated samples, the fishtail effect has been associated with the presence of large defects [21, 24] . We show here that the first-order transition at H onset is also progressively pushed away from the H c2 ðTÞ line as the point defect density is increased. Note that, as pointed out by Pissas et al. [12] in pristine samples, the peak becomes unmeasurable above a temperature T Ã that is progressively shifted towards T c for increasing defect density, reaching $0:94T c for irradiation with 5:1 Â 10 19 e À cm À2 . In spite of the widely varying values of h OD ð0Þ H OD ð0Þ=H c2 ð0Þ one can show that the mechanism for the peak effect is the same, and corresponds to the proliferation of a dislocation network in the vortex lattice [3, 4] . To set the stage, note that just below H onset , the j c ð5K Þ values ($10 6 Am À2 in pristine samples and 10 7 Am À2 after irradiation with 2:7 Â 10 19 e À =cm 2 ) correspond to translational correlation lengths [14] R c largely exceeding the penetration depth [R c $ 20 m and 10 m respectively, while ab % 500 nm], which means that nonlocality of the elastic constants, and the scenario of Ref. [14] can be disregarded. As stated in the introduction, thermal fluctuations, quantified by the Ginzburg number 
Here we used c 66 %ð" 0 =4a 2 0 Þð1 À hÞ 2 and c 44 % ð" 2 " 0 =a 2 0 Þð1 À hÞ for the shear and tilt modulus, respectively, h H a =H c2 ðTÞ, and c L as the Lindemann number. The critical current density in the single vortex limit j SV c ¼ j 0 ð"=L c Þ 2 and L c , the single vortex collective pinning length, are direct measures of the disorder strength, while j 0 is the depairing current (%10 12 Am À2 in MgB 2 for T ! 0). gðTÞ is a temperature-dependent function that depends on the pinning mechanism (l vs T c -pinning, see below). As shown in Fig. 4 , plotting h H reaches unity (see Fig. 1 ). Open symbols correspond to the peak effect field H onset , determined from T 0 H ( Fig. 1 ) and from local magnetization curves (inset). The inset also shows the influence of the maximum field attained on the decreasing branch of the magnetization curve, as one cycles through minor loops [same crystal as Fig. 1(b) ]. each other as expected from Eq. (1). Moreover, one obtains that gðTÞ/H c2 ðTÞ=H c2 ð0Þ as predicted for pinning induced by fluctuations in the mean free path [4, 5] . T c pinning would lead to gðTÞ/½H c2 ðTÞ=H c2 ð0Þ À1=3 , in utter disagreement with the experimental data. In spite of the fact that the large defects induced by neutron irradiation do not lead to weak collective pinning [21, 27] , and that the peak effect occurs in the presence of both strong-and weak pinning contributions to j c , similar conclusions as to l pinning have been reached in [21, 24] .
Note that, deviations from Eq. (1) may occur in MgB 2 for very large irradiation doses (i.e., small H OD values) due to the influence of H a on the two gaps [24] . However, in our case, H OD lies well above the field for which the small gap is suppressed [28] and MgB 2 behaves here as a single () band system. Finally, note that j In conclusion, the discontinuity in the equilibrium flux density accompanying the critical current peak effect in electron-irradiated single-crystalline MgB 2 , and the marked history dependence of the irreversible magnetization, strongly support the presence of a first-order phase transition. The evolution of the transition field with temperature and defect density testifies that the phase transition from the well ordered Bragg glass to the disordered phase is mediated by the proliferation of edge and screw dislocations, while vortex pinning is through the l mechanism [4] .
